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(54) Farnesyl pyrophosphate synthase (FPS) derived from seedlings of sunflower (Helianthus 
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(57) The present invention provides nucleotide and 
peptide sequences of an isolated cDNA coding for sun- 
flower farnesyl pyrophosphate synthase, a key enzyme 
for the structurally diverse class of isoprenoid biosyn- 
thetic metabolites. The present invention also provides 
the recombinant plant expression vector comprising 
said nucleotide sequences and for the host cell into 
which said DNA sequence in the recombinant plant 
expression vector has been introduced to produce 
transgenic tobacco plants. Transgenic plants express- 
ing heterologous farnesyl pyrophosphate synthase 
show 2-fold increase in seed production, higher chloro- 
phyll contents in leaves and stronger drought-stress tol- 
erance, as compared to non-transgenic or control 
vector-transformed tobacco plants. 
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since growth and development is governed by a complex interplay of different genes and their products. One way to 
increase the productive capacity of biosynthesis would be to apply recombinant DNA technology. 
[0006] The skills described in this invention will give the agricultural advantages inherent in the transgenic plants as 
described below. The method this invention includes introducing the sense strand construct of pFPS, regenerating the 
plant transcribes the nucleotide sequence, and selecting plants which showing dramatic changes in the plant life span, 
overall seed yield, flower numbers and chlorophyll content The recombinant expression cassette can be introduced 
into the plant tissue using Agrobacterium or by a sexual cross. 

[0007] This invention further provides methods of conferring enhanced growth and development. Although this 
invention described in conjunction with tobacco plants, these skills may also be used to control growth and development 
in plants other than tobacco plants. 

SUMMARY OF THE INVENTION 

[0008] An object of the present invention concerning the Farnesyl Pyrophosphate Synthase (FPS) of sunflower 
{Hetianthus annus) herein is: 

(a) to amplify and sequence sunflower FPS cONAs by using a pair of universal FPS oligonucleotides probe, 

(b) to express FPS cDNAs in bacterial cells and to carry out functional complementation assay in yeast mutant to 
verify its function, 

(c) to generate a line of transgenic tobacco plants to observe the influences of the overexpression of sunflower Far- 
nesyl Pyrophosphate Synthase (SFPS) in vivo, 

(d) to produce more numbers of flowers in the plant life time and to produce more than double amounts of seeds in 
the transgenic plants. 

[0009] The present invention provides nucleotide and peptide sequences of an isolated cDNA coding for sunflower 
farnesyl pyrophosphate synthase, a key enzyme for the structurally diverse class of isoprenoid biosynthetic metabo- 
lites. The present invention also provides the recombinant plant expression vector comprising said nucleotide 
sequences and for the host cell into which said DNA sequence in the recombinant plant expression vector has been 
introduced to produce transgenic tobacco plants. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] Other objects and aspects of the invention will become apparent from the following description of embodi- 
ments with reference to the accompanying drawings in which: 

Figure 1 depicts the patterns of the expressed sun flower farnesyl pyrophosphate synthase protein in Escherichia 
coli on a Coomasie Blue stained gel. fn each lane, 10 \ig of protein was loaded and separated on a 10-20% Gra- 
dient SDS-polyacrylamide gel electrophoresis, followed by Coomasie Blue staining for visualization. Lane 1, clone 
1; lane 2, clone 2; and lane 3; molecular weight marker. Arrow indicates a band of overexpressed protein (Mr 
31,000). 

Figure 2 depicts the rescue assay of the SFPS in yeast CC25 mutants. 

Figure 3 depicts the expression of the SFPS in the transgenic tobacco plants. Total RNA samples from different 
transgenic tobacco plants were purified and probed with 32 P-random primed SFPS. 

Figure 4 depicts spectrophotometry determination of chlorophylls in plant extracts performed on two sets of sam- 
ples; whole plants of (a) four-week-old transgenic and non-transgenic tobaccos, and (b) three-month-old leaves of 
seven -month -old transgenic and four-month-old non-transgenic tobacco plants. 

Figures 5 depicts (a) Comparison of FPS-transgenic and control tobacco plants. Note Leaf greenness after seed 
setting, (b) Seed collections of FPS-transgenic and control tobacco plants, (c) Seven- month-old FPS-transgenic 
and four-month-old control tobacco plants. Picture was taken seven months after transplanting to soil. 

Figure 6 depicts the expression patterns of mRNAs for senescence-related cysteine protease and ribulose-1,5 
bisphosphate carboxylase/oxygenase. 
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EXAMPLE 1 



cDNA cloning 



p.a«edon LB/tetracyc.ine p^^^ ^ « ™ were 

» inocu.a,ed in 50m< sterilized LB supplemented 0.2% am^^^fSS^^^^^^ 
37°C with shaking (250 rpm in a rotary shaker). Bacteria grown in the maltose a^ol > nh! ° Vern ' 9ht * 

tose induces the maltose operon. which contains the gene (ternS) ZZT^o^ta^™^ ^ ^ 
of their instabiltty SOL-R cells were kept in LB medium at wS^^^S^ST? T^ 66 ^ 
tubes and spin for 8 sec at the full SD eed in a mirmf.,™ ™ neeaea - lra nsfer 5 ml of SOL-R cells into Eppendorf 

mm) containing 0.1 ml of diluted bacterial cells i^Li^ rj T w ere added to the Falcon tubes (13 mm x 100 
20 min to a.low the phage P a4S o adS t^the bS fl k ^ ^ W6re inCUbated at 370C for 

0.7% Top agarose inVwa's ZTe^^eZ ^^S^SSI! ^ T 
Top agarose was added to each tube vortP*Pri nnhti., Lm (Precision). After incubation 8 ml of molten 

- -^arefuliyfore^ 

were moved to 37°C incubator, inverted and allowed to grow ^ 8 hou* Mer 7 houH ^ *" P ' ateS 

bating was continued a few more hours to obtain cont-Ti Vsed oT-te - **** ° heCted a " d inCU " 

NaCI/lOmM MgSO 4 7H^50 mM Tris dhV^^I^Y ^ed pUes. ,o confluent plates, 8 ml of SM (10 mM 

ThefluidswereLnsfe^ 
25 transferred to new tubes and 50 a. of Dftse and ZJ -T debriS " The su P erna ^^ ^re 
overnight at 4«C. Eoua. vo.ume ^J^^^SP!!^^^^ ^ ^ teft 

ice for 3 hours. Then, tubes were spun at 12.000 Jm^Z^^^^^J^ °" 
were resuspended in 500 u, of SM without NaCI and Ge la «n Z £ a. oflS/ SDsZ an 7?^' *° 

35 ^glriou^^^ «~ - 0" - ba,s of s*e 

open ends of the plastic tray in the Te! bW were J£h ^ aPParatUS (BRL) was main, y used - The 

amount of the agarU Jn?£g££^^2^ iTZT^T ^ 
placed on a MettJer scale to be weighed Then the slur™ vLThnZn * ^ ed t0 3 Erlenme yer flask and 

rose completely dissolved, with gentle tl o^Zl^* " ""T"™ °™ me 9ranu,es of the aaa " 
to Hs original vo.ume by adding f^nTlI^TS^S^ ^f 8 ^ 8D ! Ut, ° n WeiBhed a 9 aln Md "fi""^ 
into the plastic tray wZ a J^^i^'S^^^^T^ *" "* ^ 
filled wtth 1 x TAE just enough to cover the Toel Z t ^ C ° mb r and tepes were remov ^- Then, the tank was 

and loaded using a automatic pipette. The gel wasTn ITJ^^Tw «? I"" 1 " 168 * ^ and 00016(1 on tee 
cm away from cathode end of the oel l^lZ^lT Voltage j of 5 V/cm «"«" the Bromophenol blue reached to 1 

graprJusing a P^n^^^S^Z. °" " ™ *** ^ 
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EXAMPLE 2 

Polymerase Chain Reaction using degenerate primers 



[0013] We developed a universal oligonucleotide probe based on the reoorted FPq «* mtM 

PCR amplification using a XZAP cDNA library made with adult teaf mRlTS^ wh,ch was used for 

used for enzymatic amplification of fames* SU*o^^^ ° f "» #™ 

Primer 1 : 5*- CAR GCH TWY TTY CTT GTD CTT GAT GAY ATH ATG -3* 
Primer 2: 5'- TKM ACS ACY AWC CAA GAR CAT YTR AAA TC -3'. 
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[001 4] Total ptasmid DNA extracted from a pool of cDNA library, 1 u.g, was used in a 50 u1 reaction mixture contain- 
ing 5 uM of primers 1 and 2, 0.2 mM dNTPs, 1 .5 mM MgCI 2 , 1 0 mM Tris, pH 8.3, 50 mM KCI, and 2.5 u Taq polymerase. 
The samples were overlaid with a drop of sterilized mineral oil to minimize evaporation. The first cycle was run at the 
condition of 2 min 94°C, 1.5 min 50°C, 3 min ramp to 72°C, 1.5 min 72°C. The next two cycles were run 1 min at 94°C, 
1 .5 min 50°C, 3 min ramp to 72°C, and 1 .5 min 72°C. After these preruns, 32 cycles of amplifications were carried out 
at 1 min 94°C, 1 .5 min 55°C, 1 .5 min ramp to 72°C, and 1 .5 min 72°C. From the PCR products, 1 0 uJ of aliquots were 
mixed with same amount of loading buffer and separated on a 1% Agarose gel. 



EXAMPLE 3 



Nucleotide sequencing of the amplified nucleic acid fragments 



Subcloning of PCR products 



[0015] Cloning of PCR products as blunt ended fragments has been very inefficient due to the template independ- 
ent terminal transferase activity of Taq polymerase, which results in the addition of a nucleotide at the 3' end of the frag- 
ment. In most cases, it is adenosine because of the strong preference of the polymerase for dATP. 
[0016] pGEM plasmid DNA was digested with Eco RV (NEB) overnight (10 pig pGEM DNA/6 fjtl Eco RV buffer/10 
ug BSA/20 units Eco RV/81uJ H 2 0). Digested DNA was precipitated in 0.5 M NaCI and 3 volumes of EtOH (-20°C) for 
3 hours at - 20°C and spun down. The pellet was resuspended in 100 uJ H 2 0 and run on a gel to check the complete 
digestion. Then, the digested vector was incubated with Taq polymerase (Promega) (85 uJ digested vector/10 \i\ Taq 
polymerase buffer/ 2 uJ dTTP (1 00 mM)/3 u.l Taq polymerase) to remove 3' overhang with its exonuclease activity. A drop 
of the mineral oil was overlaid and the mixture was incubated at 70°C for 2 hours in a thermal cycler. Then, the sample 
was mixed with 2 volumes of phenol/chloroform/lsoamylalcohol and spun for 5 min at 14,000 rpm, followed by chloro- 
form extraction. The supernatant was carefully mixed with 2 volumes of EtOH and incubated in -80°C for 20 min. It was 
spun at full speed for 5 min and the resulting pellet was resuspended in 100 ut of 0.1 x TE. The PCR products were then 
incubated with T-vector (2.5 uJ 4x Ligation buffer/2 uJ pGEM T-vector/1 jil PCR product/ 1 ul T 4 DNA ligase/4.5 u.l H 2 0) 
at 12°C overnight. 4x Ligation buffer contained 400 mM Tris, pH 7.5, 80 mM DTT, 20 mM ATR 40 mM MgC^, 400 u.g/ml 
BSA and was stored at -20°C. Frozen DH5-a competent cells were thawed on ice. The ligation mixture containing 2 uJ 
of p-Me, 3 uJ of Ligase, and 50 u.1 of DH5cc cells was prepared and incubated on ice for 30 min, followed by heating at 
42°C for exactly 60 sec. The tube was immediately chilled on ice for 2 min. 450 ul of LB was added and incubated at 
37°C for 1 hour at 250 rpm in a shaker. A quarter of mixture was plated on X-gal/IPTG/Amp plate, and the plate was 
incubated at 37°C overnight. And over 50 clones were initially analyzed by restriction endonuclease mapping followed 
by sequencing data from each end of the cDNA using vector sequences as primer sites. 

DNA sequencing 



[001 7] Supercoiled template DNA (3 ug) was resuspended in 1 8 uJ of TE, pH 8.0. The sample was incubated for 5 
min at room temperature after adding 2 ul of 2 M NaOH to denature the template DNA. Then, 8 uJ of 5 M NH 4 OAc t pH 
7.5 and 100 u.l of EtOH were added and incubated for 15 min on ice. The denatured DNA was pelletted and dried under 
vacuum. Dried DNA was resuspended in 7 ul of H 2 0 and mixed with 1 u.l of primer (0.5 pmol/uJ) and 2 jil of 5x Seque- 
nase buffer. The mixture was incubated at 65°C for 2 min and cooled to RT. Diluted labeling mix, DTT, a-f^PJdATR and 
diluted sequenase were added and incubated at room temperature for 2 min. Termination mixtures were added' to 4 
aliquots (A,C,G,T) and incubated at 42°C for 2 min. To each tube stop solution was added and the samples were heated 
at 95°C for 2 min before loading on gel. The samples were separated on 6% acrylamide gel at constant power 35W for 
the time required getting optimal resolution of the sequence of interest After running, the gel was placed on a piece of 
3MM paper and covered with Saran wrap. The gel was then dried for 30 min at 80°C under vacuum drier (Bio-Rad) and 
exposed to Kodak X-Omat film overnight at RT. The sequence of the sample was read and analyzed using MacVector 
Sequencing Analysis Program. 



EXAMPLE 4 



Screening the cDNA library 
Preparation of radioactive probe 

[0018] Plasmid DNA was isolated from a 500 ml culture of clone number 327 using the Maxi-prep kit (Promega). 
The inserts were isolated by digesting with restriction enzymes of Kpn I and Sac I from 50 ug of plasmid DNA. Plasmid 
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DNA was digested with Sac I for 2 hours at 37°C and precioitated with qw Ftnw - - -ru . . 
was cut with Kpn | under the same condition. All of the DnT^S wet r ™ Tf a ° NA 
were isolated using low melting Agarose. After separating "he S on aeT the Z I ^ 9 "* 
minatorand the location of the inserts was marked rZnT 9 . ' 9 W3S exam,ned on the UV light illu- 

PH 8.0) was added to stop Ze S<5on ESSlX " * NaC " 1 ° mM ^ pH 8 0/1 mM EDTA - 

umn was made in 1 ml dCabl^ T US ' n9 T™ 0 '"™ The col- 

glass woo, (/..tech Associates) anc KwS |? MO ffl!^^ ^ 3 ^ 
trrfuge tube and spun at 1 .500 rpm for 1 min The Tael vTs^L h (B ' 0 ;" ad, • ™ e «• in ^rted in 15 ml cen- 

was 0.9 m,. The co.umn was ZJ^^^^S^ °! the ^ beads 

of the centrifuge tube and the column was otecVd in7 n L t k x ~ CapP f d E PP endor f tube was placed at the bottom 
the Eppendorflbe. The raoloaS^^^^ the «- ■*» *• mouth of 

rroir e ^= 

picked and the inserts were sequenced This has led to ll ^IZ T and wel| - ,solated co.ncident plaques were 
encodes famesyl pyrophosphatase We hie dSed onfp^ r I f ' n0Ve ' 9606 depk * ed be,ow - which 
accession number* AF0M937 (lunflower rT JS rSsTrlTir^r n,,0Wer a " d regiStered t0 GenBank - 106 
reported FPS family. 87% homologi cZaZVt *" ■ 8q " n » fe similar to *» 

[0020] An examination of aJI cioned FPS enzvmes r-Pv^aioH a . 

.yzed by restritfion endonuCease ^ 3^^^^™*" 
sequences as primer sites. From these clones we selected anrt rLrT,! lro ™ eac * e " d of «» cDNA using vector 
enzyme which converts DMAPP to FPP for wZZl^lTn TfT * SU "" FPS - encodes a FPS 

diphosphates. The sun-FPSI (1 347bp^ 5S^^tlT£S^ T" 3 ' "* ° h-n te ° prenoid 
DDXXD mot. <D:As P , 93-97 arnino aSfs. ^^^^^^^JT^ ^ 3 ^ 
ferases. 1 q - ,u No - 2 > tnat 18 a characteristic of prenyltrans- 

EXAMPLE 5 

Assaying for enzvmaticallv active fusion proteins using therma. sensitive yeast mutants 

^^^^S^^SS^ m T ssion vector - constructed «— pRSET 

ing 50 uJ/ml ampiciliin and incubated at 37'C on Z f ^ * W3S ,noculated 50 ml of LB contain- 

pre-warmed LB/Amp. Wh^E^L^ S 8 2 XToo mM SS?*'" l^" h 500 * " 

The cufture was incubated for 4 morfhours and harv^ed JS^t^^S!S * *" ^ ° Pef ° n - 

=o^S 
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u.m filter (Amicon). Level of induction of sfps protein was checked by running a gel of the protein extracts. 
[0022] 10% PAGE was utilized in this study. The lower gel was made using a gradient maker (Hoeffer Sci.). A gra- 
dient maker was placed on the magnetic stirrer at setting 3 on a scale 1 0. 1 0% gel mixture (2.2 ml H 2 0/ 2.9 ml 2 M Tris 
buffer, pH 8.8/ 2.6 ml 30% acrylamide/ 40 ul 10% ammonium persulfate/ 40 u.l 20% SDS/ 10 ul TEMED for 7.8 ml gel 
solution) was added into the lower concentration chamber and mixed with 20% gel solution (0.2 ml H 2 0/ 2.9 ml 2 M Tris, 
pH 8.8/ 4.6 ml 30% acrylamide/ 40 ul 1 0% ammonium persulfate/ 1 0 ul TEMED for 7.8 ml gel solution) in the gradient 
maker. The mixture was pumped by two peristaltic pumps (Pharmacia) into a mini gel cassette (Bio-Rad). The lower gel 
should be set in 30 minutes at room temperature. The gel solution was filled into two sandwiches to a level about 2 cm 
from the tops. The slabs were overlaid with the water-saturated n-Button with a greased syringe with 22 gauge needle. 
Gently apply about 0.3 ml of overlay. Repeat the other side of the slab next to the other spacer. The butanol layers were 
set evenly across the entire surface after a minute. A very sharp butanol-gel interface was visible when the gel was 
polymerized. The lower gel can be poured the night before use and stored at room temperature after covering with a 
strip of Parafilm on its top. The butanol layer was poured off by tilting the casting stand. The surface of the gel was 
rinsed with 20 ml of distilled water. Then 3 ml of gel overlay buffer containing 0.5 M Tris-HCI, pH 8.8 and 0.1% SDS in 
water was added and allowed to sit at least one hour. The gel overlay solution was removed using a syringe with 22 
gauge needle. Upper stacking gel (1 . 1 ml of H 2 0/ 0.4 ml 4 x Upper Tris / 0. 1 5 ml 30% acrylamide/ 8 ul 1 0% ammonium 
persulfate/ 3.3 \l\ TEMED for a volume of 5 ml) was made and 0.5 ml of it was used for washing the top of the stacking 
gel before adding AP and TEMED. The gel solution was tilted few times and poured off from the gel cassette. Upper 
well-former comb was left in place until the samples were ready to be loaded. Each well immediately was washed after 
removing the upper well-former comb with reservoir buffer using 1 0 ml syringe with 22 gauge needle. Samples contain- 
ing 10 to 15 u,g protein and prestained tow molecular weight markers (Bio-Rad) in sample buffer were adjusted to 1% 
P-mercaptoethanol and 3% SDS. Then they were heated at 65°C for 1 5 min before loading. Desired amount of samples 
were then loaded with Pipetman attached PAGE loading tips. The gel was run at 10 mA constant current/gel cassette 
until the dye front had just moved into the resolving (lower) gel, then the current was turned up to 20-25 mA/gel. Run 
until the dye front was reached 0.5 cm from the bottom. The distinct overexpressed protein band was observed in the 
Coomasie blue staining gel at 31 ,000 Da corresponds with the predicted molecular mass of the FPS. The protein profile 
is shown in Figure 1 

Yeast complementation assay on of FPS 

[0023] To check if the sun-FPS1 encodes a functional enzyme, the cDNA was expressed in the mutant yeast {Sac- 
charomyces cerevisiae) strain CC25, which is a temperature sensitive mutant strain that carries the leaky mutation 
erg20-2. Therefore this mutant is auxotrophic for ergosterol at a nonpermissive temperature (36°C) . An expression vec- 
tor pYES2-SFPS in 6am HI and Xho I sites was constructed. Mutant yeast was transformed with pYES2-sun-FPS1 , car- 
rying a sunflower FPS1 cDNA under the control of the GAL1 promoter. As shown in Figure 2, the ergosterol auxotrophy 
of the yeast mutants was complemented by the plasmid pYES2-sun-FPS1 at 36°G; The presence of FPS DNA in the 
rescued yeast were checked by PCR amplification and reveals that this introduced protein is able to replace yeast FPS 
enzyme activity and even restore following biochemical steps. 

EXAMPLE 6 

Plasmid construction of SFPS and transformation 

[0024] As mentioned earlier, FPP is the precursor of the structurally diverse class of sesquiterpenoids and lies at a 
multiple branch point of the isoprenoid pathway, especially in steroidogenesis and carotenogenesis. The isolation of the 
FPS cDNA and the description of the gene have made it possible to perform the effects of overexpression in different 
host systems. To measure the SFPS enzyme activity in vivo and to investigate the effects of the FPS overexpression to 
either steroidogenesis or carotenogenesis, we constructed an agrobacterium-pCIP-SFPS binary vector to generate 
transgenic tobacco plants. It is also necessary to determine whether the SFPS1 is functional in vivo and overexpression 
in sunflower itself works positively in metabolism and, thus, the recombinant Agrobacterium clones (pClP-SFPS) 
encoding FPS enzyme now was constructed for generating transgenic plants. 

A. Generation of the transgenic Sunflower Farnesyl Pyrophosphate Synthase (SFPS) Tobacco. 

[0025] As mentioned earlier, FPP is the precursor of the structurally diverse class of sesquiterpenoids and lies at a 
multiple branch point of the isoprenoid pathway, especially in steroidogenesis and carotenogenesis. To measure the 
SFPS enzyme activity in vivo and to investigate the effects of the FPS overexpression to a target plant, we constructed 
an agrobacterium-pCIP-SFPS binary vector and generated the transgenic tobacco plants. The 850 base pairs of insert 
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in pGEM vector was cut out with Bam HI and Nru I and purified from a agarose gel after 1% TAE-agarose gel running 
using gel purification kit (Qiagen). PBI121 digested with Bam HI and Nru I and the purified insert DNA fragment was 
m«xed with DNA ligase with an appropriate buffer and incubated at 16»C overnight. One positive clone (clone #668) 
checked by restriction enzyme digestion after midi scale preparation was used for Agrobacterium transformation Wild 
tobacco plants grown on MS-agar media was collected and sanitized. Agrobacterium strain LBA4404 was grown in LB 

n nn^rf ^ ^ <md to O^eoo = 0-8 in 10mM MgCfe. 5% sucrose 

0.005 /o Start L-77. Sanitized leaves were submerged in Agrobacterium suspension and cut by scalpel After submera - 
mg in Agrobactenum suspension for 15 minutes, leaf.discs were transferred in the shooting MS media (sucrose vita- 
min, NAA. 0.1 mg/L and BA, 1 mg/L). After incubating for three days in dark condition at 25«C incubator remainina 
Agrobactenum was rinsed off with autoclaved distilled water and leaf discs were transferred to a fresh MS aqar elate 
(sucrose, vitamin, carbenecillin, 250mg/L, kanamycin 100 mg/L. NAA. 0.1 mg/L and BA. 1 mg/L). Subcultures were 
made every week during next four weeks with increased amount of kanamycin for transfomiants selection When 
shoots came out. they were transferred to fresh MS stabilizing media (sucrose, vitamin, carbenecillin. 250mg/L and 
kanamycin 200 mg/L) and left for 2 weeks. Selected transformants were transferred to root induction media (1/2 MS and 

B. Characterization of the transgenic tobacco 

[0026] To verify the expression of the introduced SFPS in different transgenic tobacco plants genomic DNA sam 
pies were purified To feolate genomic DNA from transgenics plants, fr^ 

leaves were ground in liquid nitrogen cooled mortar-pestle and transferred in clean 25 -I Co-e- • K,fw -™ 
mM Tris. P H 8.0/100 mM EDTA/100 ug/m. Proteinase K), and SDS was added to 0 1% ^ ' 

S ^ m J* ur ^j ncubated at 70 ° c f ° r 1 5 min, followed by addition of Proteinase K to a final concentration 

L , ^ !Tu ' nCUbated 31 37 ° C ° Verni9hL Aft6r inCUbati0n - e " ual volume ° f Tri * buffer-saturated phenols 
added, followed by an equal volume of chroloform: isoamylalcohol (24:1) and mixed on Lab Quake for 1 hour The sam 

SdTrjrrfh? ,u i' speed and rr..* 14,000 rpm for 5 min - ^ upper phase was *> * «*» and 

added 400 nl of chloroform: .soamylalcohol. After brief vortexing, the sample was spun and the upper phase was saved 
in a new tube. One tenth volume of 3 M Sodium acetate, pH 8.0 and two volumes of absolute EtOH (-20°C) were a^ded 
and mixed gently back and forth. Then the tube was incubated over night at -20°C. DNA was pelleted by spinning at 
5.000 rpm for 5 mm at 4 C. After spinning, supernatant was discarded carefully with a vacuum connected Sraw! out 
Pasteur pipette. One m, .Iter of 70% EtOH (-20-C) was added, washed, spun, and removed. The peltet was thTSned 
on a speed vac (Savant undervacuum to evaporate off the excess EtOH. The DNA was then suspended in 50-100 
" c P coc 00 mM ^ PH 8 0/1 mM EDTA) Ch6Cked and O^ntitated. Same oligonucleotides used for the sub 

tUSL Z t ,nSert TH USed , for ampnfiCati0n * 3 Wgh Strin9e ^ -"^.PCR products genera ed from 
samples of transgenic tobacco plants were then digested with Xba l. whfch will generate 760 base pairs and 150 base 
pa.r fragment. Selected transgenic tobacco plants with those fragments were grown further and expression level of 
introduced SFPS in the transgenic tobacco plants was checked by Northern blotting. 

Northern blot 

?™l u I 0 * 3 ' RNA SamP,eS Were PUrified USi " 9 Tri rea9ent (Sigma >- Rnal| y- the Pe"* was resuspended in 400 ill of 
a^nmfnT^ ™« by readingL absorption ofa lOoZZrton 

at 260 nm on a Beckman Du 8 spectrophotometer. 

(0029] Native analytical gels containing 1.5 ug of RNA from each sample of isolated RNA were run to assure that 
degradation had not occurred. After this, aliquots containing 1 0 ug of random total RNA were separated electrophoret- 
|ca«y and transferred onto Nytran membrane. The RNA was transferred onto Nytran that had been wetted in distilled 
H 2 Q and soaked in 20XSSP E for15m m . The transfer was carried outin an app^ 

transfers for 24 hours. wrth 20X SSPE as the transfer buffer. Deglyoxyiation of the transferred RNAs was accompltehed 
by .ncubatmg he membranes in 0.02 M Tris, pH 8.0 at 100«C, forS min. Radioactive SFPS probe generated as above 
were used forthis expenment Prehybridizations. hybridizations, and washes for RNA:DNA hybridizations were done as 
desenbed for DNArDNA hybridizations. Autoradiography was also carried out as with Southern hybridizations Northern 

Z Zt^urel] mRNA enCOdin9 SU "" FPS1 fe " ^ tHe meSSa ^ S — P"~* in the 

10030] Overexpression of FPS results the delayed senescence in aged plants and few parameters of the delayed 
senescence were exam.ned, including chlorophyll content, relative amount of the of Rubisco. and cycteine protease 

whShZ^r I" ,0 be 3n re9Ulat0fy devel °P mental P™«* ultimately resutting in cell death during 
which valuable metabolites are recovered for use by the growing (Weaver et al, 1998). Decline of photosynthetic activity 
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is observed as the cells are stripped of their components and the contents of protein and nucleic acid drops several 
folds and starch and lipids are metabolized (Lers et a/.. 1998). 

EXAMPLE 7 

5 

Measurements of chlorophyll contents in the leaves of the SFPS overexpressing transgenic tobacco plants 

[0031] Growth of transgenic and non-transgenic plants was monitored and there was no significant difference in 
their growth of transgenic and non-transgenic plants except darker pigmentation of transgenic one (Figure 4a, and 4b). 

io Spectrophotometric determination of the chlorophylls in plant extracts were done on two sets of samples; whole plants 
of the four-week-old transgenic and non-transgenic tobaccos, and three-month-old leaves of seven -month -old trans- 
genic and four-month-old non-transgenic tobacco plants. Transgenic ones in both cases showed darker pigmentation 
comparing to control ones. Boltings in both groups started within few days. One drastic feature observed in the trans- 
genic one is ((prolonged delayed senescence)) (Figure 5a and 5b). As shown in figure 5 transgenic one continuously 

15 showed the {(greenness)) until seed collection time. The greenness lasted longer than normal plant, and extra numbers 
of axillary buds and new shoots emerged from the bottom of the branch, due to apical dominance, resulted the extra 
numbers of flowers and its products, seeds (Figure 5c). This long lasting juvenility may be the consequence of higher 
level of gibberellin by fpp overproduction. While some of these morphological changes result directly from the localized 
overproduction of gibberellin, other changes probably result from the mobilization of plant nutrients to tissues rich in gib- 

20 berellin. 

EXAMPLE 6 

Characterization of the features of the SFPS overexpressing transgenic tobacco plants 

25 

Expression patterns of senescence-associated genes 

[0032] In general, control of senescence is done by nucleus. Though senescence is the series of degrading proc- 
esses of many components, protein synthesis is required. mRNAs encoding photosynthetic proteins, CAB and Rubisco 
30 are known to decline in abundance during senescence (He et a/., 1997) and some mRNAs, cysteine protease, malate 
synthase, and glutamine synthase, showed increase in abundance (Ding etai, 1993; Oh era/., 1997). The expression 
of a couple of senescence-associated gene (SAGs), Rubisco and cysteine protease in transgenic and non-transgenic 
tobaccos was compared in response to age. Individual SAGs differed from the norms in different ways, however, sug- 
gesting that their gene products play a role in overlapping but not identical circumstances (He et a/. t 1997). For North- 
as ern blot analysis, 2, 3, 5, 8, and 23 weeks old transgenic plants and 2, 3, 5, 8, and 16 weeks old non-transgenic 
tobaccos were processed to isolate total RNA samples. End-labeled cysteine protease oligos were used as a probe. 
Northern analysis showed that the mRNA levels of cysteine protease gradually increased during leaf senescence in 
non-transgenic ones (Figure 6a). However, SFPS-transgenic plants showed rather constant level of the cysteine pro- 
tease in all samples. As seen in Figure 6b, expression level of Rubisco remains high throughout the 23 weeks old trans- 
40 genie plant, but the signal gets weaker in non-transgenic plant In summary, transgenic tobacco plants with an SFPS 
shows, compared with the wild type, higher contents of chlorophyll, higher and long lasting Rubisco contents, and con- 
stant level of cysteine protease, while the control plants confirm the reported results. Due to unidentified reasons, trans- 
genic tobacco plants maintain their juvenility in their stems and leaves, presumably by overproduced gibberellins, and 
apical dominance retains and results continuous axillary budding, higher number of flowers, and higher seed yields 

45 



50 
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35 



SEQUENCE LISTING 

<U0> KOREA KUMHO PETROCHEMICAL CO., LTD. 

<120> sunflower Farnesyl Pyrophosphate Synthase-plant vector 

<130> PX99110/EP 

<160> 2 

<170> KOPATIN 1.0 

<210> 1 

<211> 1347 

<212> DNA 

<213> Helianthus annuus 
<220> 

<221> CDS 

<222> (17).. (1039) 

<400> 1 
caacaacaca ccaaca 



atg gcc tct gat etc aag tct aaa ttc etc cac 
Met Ala Ser Asp Leu Lys Ser Lys Phe Leu His 



1 5 lQ 



25 



ttc cac cac gat tct cgt caa tgg ate gat aaa ata ctt- «. 
Phe His His Asp ser Arg Gin t| X1 . L P lyl Mel K Tyr Asn 



40 



60 

40 Itl IT ?r t9C 3tt 933 t99 Ctt caa aoa tac ttt ctt oto 

Ser Ala Leu Gly Trp Cys lie Glu Trp Leu Gin Ala Tyr Phe Leu Val 
80 85 gQ 

ctt gat gac ate atg gac ggg tct cat aca cgc aga ggt caa ccc tat 
Leu Asp Asp lie Met Asp Gly Ser His Thr Arg Ar-g G? y Gin Tro Cys 
95 100 105 

III Ph. V* o CC 9 " 9gt - atg att 9Ct aa <= 9at gga ttg 
Trp Phe Arg Leu Pro Lys Val Gly Met lie Ala Ala Asn Asp ciy Leu 

110 H5 120 

SO 

att ctt cgc aac cat gtc cca aga att etc aaa aag cat ttt cqa aaa 
He Leu Arg Asn His Val Pro Arg lie Leu Lys Lys His Phe Arg lly 

55 



49 



Si £ £ S £ £ £ K 2 S £ £ £ K £ I" " 



145 



193 



gta ccc gga gga aag ctg aat egg ggc etc tct cm- 

Val Pro Gly Gly Lys Leu Asn ifi £ y Leu IVr Sal t\ IT P £ Tyr 
5 50 55 

cag tta ctt aaa gga gca gaa ctg act gat gat gag att ttt ctt oca 
Gin Leu Leu Lys Gly Ala Glu Leu Thr Asp Lp Ilu lie Pne £u lit 



289 



337 



385 



433 
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aag ccg tat tat gtg gat eta gtt gac eta ttc aac gag gta gaa ttc 481 
Lys Pro Tyr Tyr Val As? Leu Val Asp Leu Phe Asn Glu Val Glu Phe 
5 140 145 150 155 

caa aca gec tct gga cag atg att gat ttg ate act aca ctt gtt gga 529 
Gin Thr Ala Ser Gly Gin Met He Asp Leu lie Thr Thr Leu Val Gly 
160 165 170 

w 9 aa aaa 9 at ctc tea aag tat tea ttg tct att cat cgc egg att gtt 577 

Glu Lys Asp Leu Ser Lys Tyr Ser Leu Ser He His Arg Arg He Val 
175 180 185 

cag tac aaa acc get tat tac tea ttt tac ctt cct gtt get tgt gcg 625 
Gin Tyr Lys Thr Ala Tyr Tyr Ser Phe Tyr Leu Pro Val Ala Cys Ala 
'5 190 195 200 

ctc ctt atg ttc ggt gag gat ttg gac aat cat gtt gaa gtg aag aat 673 
Leu Leu Met Phe Gly Glu Asp Leu Asp Asn His Val Glu Val Lys Asn 
205 210 215 

20 gta ctt gta gaa atg ggt acc tat ttt caa gtg cag gac gat tat eta 721 

Val Leu Val Glu Met Gly Thr Tyr Phe Gin Val Gin Asp Asp Tyr Leu 
220 225 230 235 

gac tgt ttt ggt get ccc gag gta att gga aag att gga aca gac att 769 
25 Asp Cys Phe Gly Ala Pro Glu Val He Gly Lys He Gly Thr Asp He 

240 245 250 

gaa gac ttt agt tea tgg eta gtt gta aaa get ttg gaa ctt gec aat 817 
Glu Asp Phe Ser Ser Trp Leu Val Val Lys Ala Leu Glu Leu Ala Asn 
255 260 265 

gag gaa caa aag aaa gtc eta cat gaa aat tat gga aaa aaa gac ccc 865 
Glu Glu Gin Lys Lys Val Leu His Glu Asn Tyr Gly Lys Lys Asp Pro 
270 275 280 

tct teg gtt gca aaa gtg aag gaa eta tac aac act eta aat ctt cag 913 
Ser Ser Val Ala Lys Val Lys Glu Leu Tyr Asji Thr Leu Asn Leu Gin 
285 290 29*5 

ggc gta ttt gaa gat tat gag age cac agt tac aag aag eta ate acg 961 
Gly Val Phe Glu Asp Tyr Glu Ser His Ser Tyr Lys Lys Leu He Thr 
40 300 305 310 315 

tec att gaa ggt cac cca age aaa gec gta caa gca gtg ttg aaa teg 1009 
Ser He Glu Gly His Pro Ser Lys Ala Val Gin Ala Val Leu Lys Ser 
320 325 330 

45 ttc ttg gga aag ata tac aag agg caa aag t aggtaattta tcctaccaaa 1060 

Phe Leu Gly Lys He Tyr Lys Arg Gin Lys 
335 340 



30 



35 



50 



taattttttt gtgtttttac tatgtgtaat aagatttcta cattgtttgt aacaactgtt 1120 
ttgtagtttc tggattcgtc gtttttaatg ttctttattg acaatttttt tgagttattt 1180 
gttggattac gagtaggtcg aaattttgta atatcaattg ggctagatgg ttagacttta 1240 
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acattcgtga cgctattttg taatctttcg ggttccagct tcttgctggc ccagtttcta 1300 
tatcttgtta tatagaagtt tcgccgttca aaaaaaaaaa aaaaaaa 



<210> 2 

<211> 341 

<212> PRT 

<213> Helianthus annuus 



<400> 2 

Met Ala Ser Asp Leu L yS Ser Lys Phe Leu His Val Tyr Gin Thr Leu 

5 " 15 

Lys Ser Glu Leu Leu Asn Asp Pro Ala Phe Glu Phe His His Asp Ser 

25 30 

Arg Gin Trp lie Asp Lys Met Leu Asp Tyr Asn Val Pro Gly Gly Lys 

40 45 

Leu Asn Arg Gly Leu Ser Val Val Asp Ser Tyr Gin Leu Leu Lys Gly 

55 60 



Ala Glu Leu Thr Asp Asp Glu lie Phe Leu Ala Ser Ala Leu Gly Trp 
S5 70 '5 fiO 

Cys lie Glu Trp Leu Gin Ala Tyr Phe Leu Val Leu Asp Asp lie Met 
85 90 95 

Asp Gly Ser His Thr Arg Arg Gly Gin Pro Cys Trp Phe Arg Leu Pro 
30 105 110 

Lys Val Gly Met He Ala Ala Asn Asp Gly Leu lie Leu Arg Asn His 

120 125 

Val Pro Arg He Leu Lys Lys His Phe Arg Gly Lys Pro Tyr Tyr Val 
35 135 140 

Asp Leu Val Asp Leu Phe Asn Glu Val Glu Phe Gin Thr Ala Scr Gly 

155 160 



Gin Met lie Asp Leu He Thr Thr Leu Val Gly Glu Lys Asp Leu 



170 



Ser 



175 



Lys Tyr Ser Leu Ser lie His Arg Arg He Val Gin Tyr Lys Thr Ala 

1BU 1B5 



190 



Tyr Tyr Ser Phe Tyr Leu Pro Val Ala Cys Ala Leu Lea Met Phe Gly 
45 iyb 200 - 205 

Glu Asp Leu Asp Asn His Val Glu Val Lys Asn Val Leu Val Glu Met 



215 



220 

Gly Thr Tyr p h e Gin Val Gin Asp Asp Tyr Leu Asp Cys Phe Gly Ala 



235 



240 



Pro Glu Val He Gly Lys He Gly Thr Asp lie Glu Asp Phe Ser Ser 
245 250 255 



1347 
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Trp Leu Val Val Lys Ala Leu Glu Leu Ala Asn Glu Glu Gin Lys Lys 
260 265 270 

Val Leu His Glu Asn Tyr Gly Lys Lys Asp Pro Ser Ser Val Ala Lys 
275 280 285 



w 



Val Lys Glu Leu Tyr Asn Thr Leu Asn Leu Gin Gly Val Phe Glu Asp 
290 295 300 



Tyr Glu Ser His Ser Tyr Lys Lys Leu lie Thr Ser lie Glu Gly Hi 
305 310 315 



s 

320 



15 



Pro Ser Lys Ala Val Gin Ala Val Leu Lys Ser Phe Leu Gly Lys lie 
325 330 335 



Tyr Lys Arg Gin Lys 
340 



25 



30 



35 



40 



50 
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SEQUENCE LISTTMC 



15 



20 



25 



35 



45 



<110> KOREA KUMHO PETROCHEMICAL CO., LTD. 

-<120> sunflower Farnesyl Pyrophosphate Synthase-plant vector 

<130> PX99110/EP 

<140> EP 99202021.4 

<141> 1999-06-22 

<160> 2 

<170> KOPATIN 1.0 



<210> 
<211> 
<212> 
<213> 

<220> 
<221> 
<222> 



1 

134 7 
DNA 

Helianthus annuus 



CDS 

(17) . . (1039) 



<400> 1 

caacaacaca ccaaca atg gcc tct gat etc aag tct aaa ttc etc cac AS 
Met Ala Ser Asp Leu Lys Ser Lys Phe Leu His 

S S E S £ S £ E S £ E S E £2 E 

15 20 25 

ttc cac cac gat tct cat caa tqq ate oat- ~~<- 

Phe H is His Asp Ser A?g Gin Trp ^ gj £ £ *~ £e aac 

35 4Q 

s s s e a a a 2? e 2 2 ss s s 2 s ■« 

50 . 55 . 

cag tta ctt aaa gga gca gaa ctg act gat gat gag att ttt ctt oca ?ai 
Gin Leu Leu Lys Gly Ala Glu Leu Thr Asp Asp llu lie Phe £u £a ' 
60 6S 70 „ 

w f? C ?" t99 tgC a " 933 tg9 ctt caa 9ca tac ttt ctt atq 269 
Ser Ala Leu Gly Trp Cys lie Glu Trp Leu Gin Ala Tyr Phe Leu Val 

80 85 go 

ctt gat gac ate atg gac ggg tct cat aca cgc aga qgt caa ccc tat ^7 
Leu Asp Asp lie Met Asp Gly Ser His Thr Arg Arg Gly Gin Pro lys 
95 100 105 

III 111 l 9a f ta » CC f ag 9tt ggt atg att q ct gca aac gat gga ttg 38 « 
Trp Phe Arg Leu Pro Lys Val Gly Met lie Ala Ala Asn Asp Gly Leu 

ilu 115 120 

att ctt cgc aac cat gtc cca aaa att etc aaa 

lie Leu Arg As„ His Sal Pro Arg £ £u Lys 5 hIs Pne gj 

UJ 130 135 
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w 



25 



aag ccg tat tat gtg gat eta gtt gac eta ttc 
Lys Pro Tyr Tyr Val Asp Leu Val Asp Leu Phe 
140 145 150 

caa aca gec tct gga cag atg att gat ttg ate 
Gin Thr Ala Ser Gly Gin Met He Asp Leu lie 
160 165 

gaa aaa gat etc tea aag tat tea ttg tct att 
Glu Lys Asp Leu Ser Lys Tyr Ser Leu Ser He 
175 180 

cag tac aaa acc get tat tac tea ttt tac ctt 
Gin Tyr Lys Thr Ala Tyr Tyr Ser Phe Tyr Leu 
190 195 

etc ctt atg ttc ggt gag gat ttg gac aat cat 
Leu Leu Met Phe Gly Glu Asp Leu Asp Asn His 
205 210 

gta ctt gta gaa atg ggt acc tat ttt caa gtg 
Val Leu Val Glu Met Gly Thr Tyr Phe Gin Val 
220 225 230 

gac tgt ttt ggt get ccc gag gta att gga aag 
Asp Cys Phe Gly Ala Pro Glu Val He Gly Lys 
240 245 



aac gag gta gaa ttc 
Asn Glu Val Glu Phe 
155 

act aca ctt gtt gga 
Thr Thr Leu Val Gly 
170 

cat cgc egg att gtt 
His Arg Arg He Val 
185 

cct gtt get tgt gcg 
Pro Val Ala Cys Ala 
200 

gtt gaa gtg aag aat 
Val Glu Val Lys Asn 
215 

cag gac gat tat eta 
Gin Asp Asp Tyr Leu 
235 

att gga aca gac att 
He Gly Thr Asp He 
250 



gaa gac ttt agt tea tgg eta gtt gta aaa get 
Glu Asp Phe Ser Ser Trp Leu Val Val Lys Ala 
255 260 

gag gaa caa aag aaa gtc eta cat gaa aat tat 
Glu Glu Gin Lys Lys Val Leu His Glu Asn Tyr 
270 275 

tct teg gtt gca aaa gtg aag gaa eta tac aac 
Ser Ser Val Ala Lys Val Lys Glu Leu Tyr Asn 
285 290 

ggc gta ttt gaa gat tat gag age cac agt tac 
Gly Val Phe Glu Asp Tyr Glu Ser His Ser Tyr 
300 305 310 

tec att gaa ggt cac cca age aaa gee gta caa 
Ser He Glu Gly His Pro Ser Lys Ala Val Gin 
320 325 



ttg gaa ctt gec aat 
Leu Glu Leu Ala Asn 
265 

gga aaa aaa gac ccc 
Gly Lys Lys Asp Pro 
280 

act eta aat ctt cag 
Thr Leu Asn Leu Gin 
295 

aag aag eta ate acg 
Lys Lys Leu He Thr 
315 

gca gtg ttg aaa teg 
Ala Val Leu Lys Ser 
330 



ttc ttg gga aag ata tac aag agg caa aag 
Phe Leu Gly Lys He Tyr Lys Arg Gin Lys 
335 340 



t aggtaattta tcctaccaaa 



50 



taattttttt gtgtttttac tatgtgtaat aagatttcta 
ttgtagtttc tggattcgtc gtttttaatg ttctttattg 
gttggattac gagtaggtcg aaattttgta atatcaattg 
acattcgtga cgctattttg taatctttcg ggttccagct 
tatcttgtta tatagaagtt tcgccgttca aaaaaaaaaa 



cattgtttgt aacaactgtt 
acaatttttt tgagttattt 
ggctagatgg ttagacttta 
tettgetgge ccagtttcta 
aaaaaaa 



481 

529 

577 

625 

673 

721 

769 

817 

865 

913 

961 

1009 

1060 

1120 
1180 
1240 
1300 
1347 
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<210> 2 

<211> 341 

<212> PRT 

<213> Helianthus annuus 



<400> 2 

Met Ala Ser Asp Leu Lys SerLys Phe Leu His Val Tyr Gin Thr Leu 
5 10 15 

Lys Ser Glu Leu Leu Asn Asp Pro Ala Phe Glu Phe His His Asp Ser 

25 30 

Arg Gin Trp lie Asp Lys Met Leu Asp Tyr Asn Val Pro Gly Gly Lys 

40 

Leu Asn Arg Gly Leu Ser Val Val Asp Ser Tyr Gin Leu Leu Lys Gly 
3U 55 60 

Ala Glu Leu Thr Asp Asp Glu He Phe Leu Ala Ser Ala Leu Gly Trp 
70 75 ' „5 

Cys lie Glu Trp Leu Gin Ala Tyr Phe Leu Val Leu Asp Asp He Met 
85 90 9 5 

Asp Gly Ser His Thr Arg Arg Gly Gin Pro Cys Trp Phe Arg Leu Pro 
ivu !05 110 

Lys Val Gly Met He Ala Ala Asn Asp Gly Leu lie Leu Arg Asn His 
115 120 125 

Val Pro Arg lie Leu Lys Lys His Phe Arg Gly Lys Pro Tyr Tyr Val 
JU 135 140 

Asp Leu Val Asp Leu Phe Asn Glu Val Glu Phe Gin Thr Ala Ser Gly 
ISO 155 16 J 

Gin Met lie Asp Leu He Thr Thr Leu Val Gly Glu Lys Asp Leu Ser 
165 170 175 

Lys Tyr Ser Leu Ser He His Arg Arg He Val Gin Tyr Lys Thr Ala 
180 185 , 90 

Tyr Tyr Ser Phe Tyr Leu Pro Val Ala Cys Ala Leu Leu Met Phe Gly 
195 200 205 

Glu Asp Leu Asp Asn His Val Glu Val Lys Asn Val Leu Val Glu Met 

215 220 

Gly Thr Tyr Phe Gin Val Gin Asp Asp Tyr Leu Asp Cys Phe Gly Ala 
230 235 240 

Pro Glu Val He Gly Lys He Gly Thr Asp He Glu Asp Phe Ser Ser 
245 250 2S5 

Trp Leu Val Val Lys Ala Leu Glu Leu Ala Asn Glu Glu Gin Lys Lys 
260 265 270 

Val Leu His Glu Asn Tyr Gly Lys Lys Asp Pro Ser Ser Val Ala Lys 

3 280 285 

Val Lys Glu Leu Tyr Asn Thr Leu Asn Leu Gin Gly Val Phe Glu Asp 

" u 295 300 
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Tyr 
305 


Glu 


Ser 


His 


Ser 


Tyr 
310 


Lys 


Lys 


Pro 


Ser 


Lys 


Ala 


Val 
325 


Gin 


Ala 


Val 


Tyr 


Lys 


Arg 


Gin 


Lys 









340 



lie Thr Ser He Glu Gly His 

315 320 

Lys Ser Phe Leu Gly Lys He 

330 335 



is Claims 

1 . A method for increasing chlorophyll contents, vegetative growth, and delayed senescence in leaves and seed pro- 
duction in tobacco plants relating to control plant, comprising the steps of introducing a recombinant plant expres- 
sion vector including a nucleic acid construct and a promoter into a tobacco plant cells and growing the cells into a 

20 plant wherein the nucleic acid construct comprises isolated cDNA nucleotide sequence that encodes the protein 
of Sequence Listing ID No. 1 . 

2. The method of claim 1 , wherein said cDNA nucleotide sequence is isolated from seedlings of Helianthus annus. 
25 3. The method of claim 1 , wherein said recombinant plant expression vector is pCIP-sfps (KCTC 0520BP). 

4. Transgenic tobacco plant produced by the method of claim 2. 

5. Transgenic tobacco plant comprising a construct, wherein the nucleic acid construct contains the isolated cDNA 
so nucleotide Sequence Listing ID No. 2, and wherein the nucleotide sequence is isolated from seedlings of Helian- 
thus annus or is synthetic. 

6. The method of claim 1 , wherein the nucleotides sequence is Sequence Listing ID No. 1 . 

35 7. A DNA fragment as claimed in claim 1 , wherein the DNA sequence is encoded substantially by a sequence con- 
tained in (Agrobacterium tumefaciens or baculovirus or whatever) strains, KCTC No. 0520BR 

8. A DNA fragment as claimed in claim 7, wherein said promoter is selected from the group consisting of a bacterial 
promoter, a plant promoter and a virus promoter. 

40 

9. A DNA fragment as claimed in claim 8, wherein said promoter is a bacterial promoter and a plant promoter and a 
virus promoter. 

10. A hybrid vector comprising a DNA fragment as claimed in 1, wherein said vector is capable of being transferred to 
45 and replicating in a host. 

1 1 . A transformed host comprising the hybrid vector as claimed in claim 1 0. wherein said host is capable of expressina 
the DNA fragment. 

so 12. A transformed host comprising the DNA fragment as claimed in claim 1 , wherein said host is capable of expressina 
the DNA fragment. M 

13. A process for the production of farnesyl pyrophosphate synthase in vitro comprising the steps of providing a DNA 
fragment as claimed in claim 1 , transferring said DNA fragment to a host cell to produce a transformed host cell and 

55 culturing said transformed host in a suitable medium for the production of farnesyl pyrophosphate synthase using 
said SFPS gene in vitro. 

14. A process for the production of farnesyl pyrophosphate synthase in vivo comprising the steps of providing a DNA 
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fragment as ciaimed in claim 1 , providing a DNA fraament to a hnct r»n nr«w 
16. A transformed host as claimed in claim 14, wherein said host is a plant. 
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Fig. 5a 
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